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Intravascular Catheter and Method for Use Thereof 


REFERENCE TO RELATED APPLICATIONS 

The present application is a continuation in 
part of Ser. No. 07/843,647, filed February 28, 1992, 
which is still pending, which was a continuation-in- 
part of 07/830,479, filed February 4, 1992 which is 
still pending which is a continuation of Ser. No. 
07/398,756, filed August 25, 1989, now abandoned. 

BACKGROUND OF THE INVENTION 

This invention relates to an improved 
intravascular catheter and in particular to an improved 
intravascular catheter that can have a very low profile 
and that allows for the exchange of a first catheter 
for another catheter over a guide wire, and methods for 
use thereof. 

15 Intravascular catheterization apparatuses 

have proven to be useful and efficient for both* 
therapeutic and diagnostic purposes. Intravascular 
catheterization therapies, such as angioplasty, 
atherectomy, and laser irradiation, have been developed 
as alternatives to bypass surgery for treating vascular 
diseases or other conditions that occlude or reduce the 
lumen size of portions of a patient's vascular system. 
In particular, balloon angioplasty has proven to be a 
useful and in many circumstances a preferred treatment 
for obstructive coronary diseases. Also, intravascular 
diagnostic catheter apparatuses, for angiographics, 
ultrasonic imaging, and Doppler blood flow measurements 
for example, have been developed to measure or image 
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the extent of an occlusion of a vessel, (e.g., 
stenosis). These intravascular diagnostic apparatuses 
may be used in conjunction with the aforementioned 
therapeutic apparatuses or may be used in conjunction 
with more invasive techniques such as coronary surgery. 

These intravascular therapeutic and 
diagnostic apparatuses have achieved acceptance because 
of their effectiveness as well as the fact that they 
can be used through a minor surgical procedure that is 
relatively non-disruptive to the patient compared to 
coronary surgery. These intravascular therapeutic and 
diagnostic apparatuses rely on the positioning of a 
catheter device into the vascular system of a patient 
via an incision at an accessible location which may be 
remote from the site of the occlusion or stenosis. For 
example, the accessible location may be the femoral 
artery at the groin. The intravascular device is then 
advanced through the incision via the femoral artery to 
the desired coronary distal site. 

Because of the small size of some of these 
vessels and the tortuous passages through the vessels, 
positioning of a catheter device through a patient's 
vasculature can be a difficult and time consuming task 
requiring considerable skill on the part of the 
physician. For example, in order to perform an 
angioplasty dilation, the angioplasty balloon catheter 
must be positioned across the stenosis in the arterial 
site. The stenosis may be located in a tortuous 
portion of the coronary vasculature and, furthermore, 
the obstructive arterial disease may impede crossing 
the stenosis with the balloon portion of the 
angioplasty catheter. Thus, not all arterial 
obstructions can be successfully treated by present 
intravascular balloon catheter procedures because some 
arterial obstructions are not readily accessible to a 


balloon dilation catheter. Accordingly, there is a 
need for intravascular catheters of very low profile 
that can be positioned in narrow, tortuous regions of a 
person's vasculature. 

Another important consideration relating to 
intravascular procedures, such as angioplasty, relates 
to catheter exchanges. Intravascular therapeutic and 
diagnostic devices come in various types and sizes 
suitable for the vessel size and location in which the 
treatment is to be performed. Sometimes, it becomes 
necessary to exchange a first therapeutic device for 
one of a different size after the first device has been 
positioned or after an unsuccessful attempt to position 
the first device. This may be necessitated because it 
becomes apparent that, the first device is the wrong 
size or because it is determined that additional 
therapeutic or diagnostic procedures with a different 
size or type of device is required. 

Several different types of catheter 
constructions have been developed for positioning 
intravascular therapeutic or diagnostic catheters 
through a patient's vasculature. One type of .catheter 
design, commonly referred to a fixed-wire type 
catheter, includes a non-removable wire tip attached on 
a distal end of the intravascular catheter. The wire 
tip facilitates maneuvering the catheter to the desired 
vessel site. A disadvantage of the fixed-wire type 
catheter that is if it becomes necessary to exchange a 
first catheter for a second catheter, the maneuvering 
procedure must be repeated for the second catheter. As 
mentioned above, this can be sometimes a tedious and 
difficult procedure. 

Another type of catheter design, referred to 
as an over-the-wire type catheter, includes a central 
lumen through the intravascular device that can 
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accommodate a separate guide wire that is movable, and 
removable, in relation to the catheter to facilitate 
positioning the catheter in a remote vessel location 
over the guide wire. In the over-the-wire 
construction, the catheter includes a lumen adapted to 
receive the guide wire from a proximal end to the 
distal end of the device. The guide wire is initially 
loaded through the lumen of the over-the-wire catheter 
and extends out from the distal end thereof. Then, the 
guide wire and the intravascular catheter are advanced 
together and positioned in the vessel at the desired 
site. The guide wire may be advanced distally of the 
distal end of the catheter and steered, as necessary, 
to traverse tortuous passages of the vessel. The guide 
wire may then be withdrawn proximally through the lumen 
of the catheter or may be left in place extending from 
the distal end of the catheter during the procedure. 

The over-the-wire type catheter facilitates 
exchanges. In order to exchange a first over-the-wire 
intravascular catheter with another, it is preferred 
not to lose a hold on the proximal end of the guide 
wire as the catheter is withdrawn over the proximal end 
of the guide wire. An intravascular catheter with an 
over-the-wire construction can be exchanged while 
leaving the distal tip of the guide wire in place by 
using an exchange wire which is a guide wire having a 
long length (e.g. 300 cm) so that a sufficiently long 
proximal portion of the guide wire extends out of the 
proximal end of the catheter so that the entire 
catheter can be withdrawn out completely over the wire 
while maintaining a hold on a proximal portion of the 
wire. Another way to perform an exchange with an over- 
the-wire type intravascular catheter is by using a 
guide wire extension. 


A variation of the over-the-wire type 
catheter that facilitates exchange of a first 
intravascular catheter with another is the single- 
operator exchange type design construction. With the 
single-operator construction, the guide wire occupies a 
position adjacent to the intravascular catheter along 
proximal and middle portions of the catheter and enters 
into a short guide wire lumen of the catheter via an 
opening in the catheter at a location in a distal 
portion of the catheter. With this' type of design, the 
catheter can be positioned in the patient's vessel by 
positioning a guide wire in the desired location and 
advancing the catheter device over the wire. However, 
in the event that it becomes necessary to exchange the 
single-operator catheter, the catheter can be withdrawn 
proximally while the distal tip of the guide wire is 
left in position in the vessel site. Because the 
proximal end of the guide wire and the proximal end of 
the catheter are adjacent to each other, the proximal 
end of the guide wire can be held so that the position 
of the distal end of the guide wire in^the patient's 
vessel can be maintained. With this type of catheter, 
it is necessary that the distance from the distal end 
of the catheter to the proximal guide wire lumen 
entrance is less than the length of the guide wire that 
extends proximally out of the guiding catheter. 

Although intravascular catheters, such as the 
over-the-wire type and the single-operator type, that 
employ a separate guide wire provide advantages 
relating to exchanges, these types of catheters obtain 
this advantage at the expense of size. In order to 
accommodate the separate guide wire, a separate guide 
wire lumen must be provided through at least a portion 
of the catheter. This element unavoidably increases 
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the overall dimensions of the catheter to at least some 
degree compared to the fixed-wire type catheter. 

Accordingly, there is a need for an improved 
balloon dilation catheter that facilitates catheter 
exchange over a guide wire, but that can possess the 
very small profile of a fixed-wire type catheter. 

SUMMARY OF THE INVENTION 

The present invention relates to an 
intravascular; catheter and a method for use thereof 
comprising an elongate shaft having an inflation lumen 
extending therethrough, a dilation balloon connected to 
and located at the distal portion of the shaft and 
communicating with the lumen, a small profile core wire 
extending through at least the intravascular implement 
and having a distal portion that extends distally from 
intravascular implement through a distal core wire 
opening located distally of the balloon and further in 
which the core wire is movable relative to the elongate 
shaft to allow withdrawal of the elongate shaft and the 
balloon while leaving the core wire positioned 
intravascularly, and a tip member connected to. the core 
wire in a region thereof distal of the location at 
which the core wire extends distally of the core wire 
opening, the tip member having a profile larger than 
the opening. 

BRIEF DESCRIPTION OF THE FIGURES 

Figure 1 is a sectional side elevational view 
of a first preferred embodiment of a balloon dilation 
catheter of the present invention. 

Figure 2 is a sectional side elevational view 
of a second preferred embodiment of a balloon dilation 
catheter of the present invention. 
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Figure 3 shows a longitudinal sectional view 
of a distal portion of the embodiment of the embodiment 
depicted in Figure 2 

Figure 4 shows a sectional view of the along 
lines A - A' in Figure 3. 

Figure 5 shows a longitudinal sectional view 
of an intermediate portion of the embodiment of the 
embodiment depicted in Figure 2. 

Figure 6 shows a sectional view of the along 
lines B - B' in Figure 5. 

Figure 7 .is a sectional side elevational view 
of a third preferred embodiment of a balloon dilation 
catheter of the present invention. 

Figure 8 is a sectional side elevational view 
of a fourth preferred. embodiment of a balloon dilation 
catheter of the present invention. 

Figure 9 is a sectional side elevational view 
of a fifth preferred embodiment of a balloon dilation 
catheter of the present invention. 

Figure 10 shows a sectional view of the along 
lines A - A' in Figure 9. 

Figure 11 is a sectional side elevational 
view of a sixth preferred embodiment of a balloon 
dilation catheter of the present invention. 

Figure 12 shows a sectional view of the along 
lines A - A' in Figure 12. 

Figure 13 is a sectional side elevational 
view of a seventh preferred embodiment of a balloon 
dilation catheter of the present invention. 

Figure 14 is a broken longitudinal sectional 
view depicting another embodiment of the present 
invention . 

Figure 15 depicts a section of a distal 
portion of the catheter of Figure 14 shown in an 
uninflated condition (shown without the balloon portion 
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for the sake of clarity) such as during positioning of 

the catheter. 

Figure 16 is a broken side view partially in 
section of the guide wire of the embodiment of Figure 
14. 

Figure 17 is an exploded perspective view of 
the manifold assembly in Figure 14 . 

Figure 18 is an exploded side view of the 
manifold assembly of Figure 17. 

Figure 19 is a longitudinal sectional view of 
a portion of manifold assembly of Figure 17 
illustrating the manifold assembly in an inflation 
setting. 

Figure 20 is an exploded sectional view of 
the inflation port of.JFigure 17. 

Figure 21 is a cross sectional view of the 
inflation port taken along lines 21-21 of Figure 19 
illustrating the inflation port in a venting setting. 

DETAILED DESCRIPTION OF THE 
PRESENTLY PREFERRED EMBODIMENTS 

Embodiments of the present invention 

described herein are dilation balloon catheters -for use 

in PTCA procedures. It should be understood that these 

embodiments may be adapted to other types of 

intravascular therapeutic devices, such as atherectomy 

catheters, as well as diagnostic catheters, such as 

ultrasonic catheters. 

I - FIRST PRESENTLY PREFERRED EMBODIMENT 

Referring to Figure 1, there is depicted a 
PTCA balloon dilation catheter 10 according to a first 
embodiment of the present invention. The balloon 
dilation catheter 10 includes an elongate catheter 
shaft 14 formed of a tubular member 16 having a 
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proximal portion 18 and a distal portion 22. A 
dilation balloon 26 is located at and connected to the 
distal portion 22 of the catheter shaft 14. The 
balloon 26 can be formed from a polyolefin copolymer or 
other polymer material. For example, in one 
embodiment, the balloon 26 is formed of a polyolefin 
copolymer (such as that sold by DuPont under the 
tradename SURLYN as Resin No. 8527) using secondary 
treatment with 5 to 50 Mega-rad electron beam 
irradiation to enhance strength in the region of the 
balloon 26. The balloon 26 is provided in a variety of 
conventional sizes suitable for PTCA use. 

Extending through the catheter shaft 14 and 
specifically through the outer tubular member 16 is a 
15 first lumen 32. The .dilation balloon 26 is in fluid 

communication with the first lumen 32 of the catheter 
shaft 14. inflation fluid is conveyed via the first 
lumen 32 from an inflation port 40 of a proximally 
located manifold 44 to inflate the balloon 26 and 
therefore dilate a vessel in a conventional manner 
known in the art. Located around the ^outer tubular 
member directly distal of the manifold 44 is a strain 
relief member 46. The strain relief member 46 may be 
piece of polymeric tubing and have a length of 5 to 
25 10 cm. 

In this embodiment, the outer tubular member 
16 of the catheter shaft 14 is formed of two portions. 
A proximal portion 4 8 of the outer tubular member 16 is 
formed of a strong, relatively rigid material, such as 
a stainless steel hypotube formed of type 304 stainless 
steel. A distal portion 50 of the outer tubular member 
16 is formed of a relatively flexible material, such as 
a polymeric material like a polyolefin copolymer or 
polyethylene. In a preferred embodiment, the distal 
portion 50 is formed of polyethylene and in particular 
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a high density polyethylene (HDPE) . The proximal 
portion 4 8 and the distal portion 50 may t> e connected 
together by a bonding means such as an adhesive or a 
mechanical fit. in a preferred embodiment, the 
proximal portion 4 8 of the tubular member 16 has an 
outer diameter of 0.028 inches, an inner diameter of 
0.022 inches, and a length of 105 cm. The distal 
portion 50 of the tubular member 16 has an outer 
diameter of 0.025 inches, an inner diameter of 0.019 
inches, and a length of 30 cm. 

As an alternative construction, the proximal 
portion 48 of the shaft 14 can be made of a material 
other than stainless steel. One alternative material 
that can be used for the shaft is a superelastic alloy. 
These alloys are also.-commonly referred to as shape 
memory alloys. Such an alloy is Tinel© which is 
available from Raychem, Inc of Wenlo Park, CA. Other 
materials that offer similar properties include nickel- 
titanium shape memory alloys available from Shape 
Memory Applications, Inc. of Sunnyvale, CA. Nitinol 
another such alloy. These materials are available as 
tubing having high elasticity resulting in a kink- 
resistant catheter shaft. 

Tubing of these superelastic alloys can be 
used for both the proximal and distal portions of the 
catheter shaft. If the proximal portion 4 8 is made of 
tubing of a superelastic alloy, it preferably has an 
outer diameter of 0.028 and a wall thickness of 0.002 
to 0.003. If the distal portion 50 is made of tubing 
of a superelastic alloy, it preferably has an outer 
diameter of 0.020 and a wall thickness of 0.001 to 
0.002. Because these materials are difficult to solder 
or braze, it may be preferred to join them to othe- 
substrates with adhesives. Also, in order to provide 
the tubing in the dimensions necessary for use, the 
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materials may be processed by a centerless grinding 
operation. 

Referring again to Figure 1, a kink resistant 
member 52 is preferably located at and distally of the 
connection between the proximal and distal portions to 
provide for a transition in stiffness between the 
relatively rigid proximal portion 4 8 and the relatively 
flexible distal portion 50. In one embodiment, the 
kink resistant member 52 is formed of a spring coil 
extending across the connection location. In a 
preferred embodiment, the kink resistant member is 
formed of a stainless steel coil that extends distally 
into the distal portion 50 approximately 5 cm. in a 
preferred embodiment, the spring coil is sized to 
closely fit in the lumen 32 of the outer tubular member 
16. The kink resistant member 52 may be bonded to the 
outer tubular member 16 or may be positioned by a press 
or mechanical fit. In alternative embodiments, the 
kink resistant member 52 may be formed by a wire 
extending distally of the proximal portion 4 8, and in 
particular, a tapered wire. 

Located in the first lumen 32 is an inner 
tubular member 56. The inner tubular member' 56 "also 
has a lumen, i.e., second lumen 58, extending 
therethrough. The tubular member 56 extends through 
both the distal 50 and proximal 4 8 portions of the 
catheter shaft 14 and through the balloon 26. The 
inner tubular member 56 occupies only a portion of the 
first lumen 32 thereby providing an annular region 
between the outer tubular member 16 and the inner 
tubular member 56 to allow for the conveyance of 
inflation fluid therein. In a preferred embodiment, 
the inner tubular member 56 is formed of a relatively 
flexible material such as a medium density 
35 polyethylene. In a preferred embodiment, the inner 
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tubular member 56 has an outer diameter of 0.012 inches 
and an inner diameter of 0.010 inches and has a length 
of 140 cm. 

Located in the lumen 58 of the inner tubular 
5 member 56 is a core wire 62. In this embodiment, the 

core wire 62 is a very low profile core wire. For 
example, in a preferred embodiment, the core wire has a 
diameter less than 0.010 inches, and preferably the 
core wire has a diameter of 0.006 to 0.008 inches. The 
10 core wire 62 extends through the catheter shaft 14 in 

the inner tubular member lumen 56 and extends 
proximally of the manifold 44 from a second port 66 
thereof. A distal portion 70 of the core wire 62 
extends distally from the catheter shaft 14 from a 
15 distal opening 72 located distally of the balloon 26. 

In this embodiment, the distal opening 72 communicates 
with the lumen 58 of the inner tubular member 56. The 
core wire 62 preferably has a uniform outer diameter 
and is tapered distally. In a preferred embodiment the 
core wire is made of type 304 stainless steel. 

Located at and connected to the distal 
portion 70 of the core wire 62 that extends distally of 
the balloon 26 is a tip member 76. The tip member 7 6 
is preferably formed of a coil spring joined to the 
25 core wire 62. In a conventional manner, the core wire 

62 is processed to have a reduced and flattened profile 
underneath the coil spring to provide additional 
flexibility. The tip member 76 is preferably formed of 
a radiopague material such as platinum, although other 
materials, such as stainless steel or even non-metallic 
polymers may be used as well. The tip member 76 may be 
connected to the core 62 wire by brazing, soldering an 
adhesive, mechanical fit, or other connecting means. 
The tip member 76 provides for a flexible, deformable 
tip for advancing and positioning the catheter 10 
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intravascularly with minimal trauma to the vessel. 
Located at the distal end of the tip member 76 is a 
rounded tip 78 which may be formed of solder or other 
material in a manner known in the art. 

The tip member 70 is sized to conform closely 
in characteristics to a flexible spring tip 
incorporated on conventional fixed wire catheters to 
take advantage of the skills and familiarity already 
developed by practicing physicians with such 
conventional fixed wire type catheters. Accordingly, 
the spring tip is constructed so that it can be bent 'or 
otherwise formed, e.g. in a "J" shape, to facilitate 
positioning into the desired location of the artery. 

Located in the region of the balloon 26 is a 
marker 80. The marker 80 is preferably formed of a 
small band or coil of radiopaque material such as 
platinum, gold, etc., that is bonded to the inner 
tubular member 56 directly underneath the balloon 26. 
The marker may be bonded by any conventional means, 
such as a mechanical fit, adhesives, etc. The marker 
80 is used in a conventional manner to assist the 
physician to locate and position the catheter, 
fluoroscopically. Alternatively, the marker' may be 
located at other positions, such as at the distal or 
proximal balloon waist areas, or multiple markers may 
be incorporated. 

At the location at which the distal portion 
of the balloon 26 connects to the elongate shaft 14, 
there is a strain relief member 84. The strain relief 
member 84 may be a relatively short piece of polymeric 
tubing connected to the exterior of the inner tubular 
member 56 directly underneath the distal waist portion 
of the balloon 26. Thus, the balloon 26 is bonded to 
the strain relief member 84 which in turn is bonded to 
35 the inner tubular member 56. The strain relief member 
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84 facilitates the connection of the flexible distal 
waist of the balloon 26 to the flexible inner tubular 
member 56 by reducing the bond gaps between the distal 
balloon waist and the shaft. The strain relief member 
84 also provides a transition from the relatively 
flexible spring tip to the relatively stiff balloon 
bond site. Also, the strain relief member acts like a 
funnel to facilitate loading of the core wire into the 
inner tubular member 56 such as during a catheter 
exchange. 

The manifold 44 incorporates a securing means 
88 to fix the proximal portion of the small profile 
core wire 62. When secured, the core wire 62 is fixed 
relative to the manifold both axially and rotationally . 
When so fixed, the core wire 62 and the elongate shaft 
14 will function similarly to a conventional fixed wire 
type catheter. The securing means 88 is preferably an 
easy to manipulate device that the physician can 
readily operate with one hand. Clamping devices for 
such a purpose are conventional and known to those of 
skill in the art. For example, the securing means 88 
may include an annular ring having internal threads 
that engage corresponding external threads* on the 
manifold body. Tightening of the annular member 
compresses a resilient gasket in an axial direction 
thereby causing it to clasp the core wire proximal end 
extending therethrough. 

An optional feature of this embodiment is a 
provision for torque transmission between the shaft 14 
and the core wire 62. This feature is particularly 
advantageous because of the very small diameter of the 
core wire. This feature may be provided by 
incorporation of any of the torque transmission 
embodiments disclosed in copending application Ser. No. 
07/583,437 filed September 17, 1990, the entire 


disclosure of which is specifically incorporated herein 
by reference. In particular, it is preferred to 
incorporate a torque transition feature into this 
embodiment by forming a portion of the core wire 62 
with an other-than-round profile in the region 
corresponding to the kink resistant member 52. 
Similarly, in the portion of the inner tubular member 
56 corresponding to this region, the profile of the 
second lumen 58 corresponds to the other-than-round 
shape of the core wire exterior profile so that torque 
can be transmitted to the distal portion of the core 
wire by rotation of the proximal end of the outer 
tubular member 16. It is preferred that the other- 
than-round external profile of the core wire 62 extend 
a distance along the .core wire to allow advancing the 
core wire tip distally of the elongate shaft while 
still providing for torque transmission from the shaft 
to the core wire for steering purposes. 

Operation and handling of the balloon 
catheter 10 would be similar to that of fixed-wire 
balloon catheters. Accordingly, the balloon catheter 
10 may be packaged with the core wire 62 already 
positioned in the shaft 14. Before use, the core wire 
62 may be fixed proximally by the securing means 88. 
When the core wire is so fixed, the balloon catheter 10 
can be positioned and used in the same or similar 
manner as fixed wire conventional balloon catheters. 
Moveover, like conventional fixed wire balloon 
catheters, the balloon catheter can possess a low 
profile. Further, when used with the torgue 
transmission feature, as discussed above, the balloon 
catheter 10 can also possess handling characteristics 
similar or identical to conventional fixed wire type 
catheters. 


WO 93/17750 PCT/US93/01752 


10 


However, the balloon catheter 10 provides a 
significant advantage not afforded by conventional 
fixed wire catheters. The balloon catheter 10 allows 
for the exchange of a first catheter for another while 
leaving a wire in place in the vascular region thereby 
facilitating catheter exchanges. Such an exchange may 
be required for example when it is determined that a 
balloon of a different size is needed or if a different 
type of intravascular catheter device is appropriate. 
This is advantageous for example when the wire is in 
position past a stenosis that is difficult to cross. 
Thus, the balloon catheter 10 also provides the 
advantage of exchangability of over-the-wire type 
catheters . 

15 ^th a balloon catheter of the over-the-wire 

type, there have in the past been two conventional ways 
to accomplish a catheter exchange while leaving the 
guide wire in position in the vascular system.. One way 
is to use a separate exchange wire and another way is 
20 to use a guide wire extension that fits onto the 

proximal end of the guide wire to allow the catheter to 
be withdrawn completely over both the guide wire and 
the extension wire. However, these procedures can be 
difficult. For example, use of an exchange wire 
25 requires withdrawal of the first wire and substitution 

of the exchange wire --a procedure that can be time 
consuming. Connection of a guide wire extension can 
also be tedious and requires handling of considerable 
lengths of wire outside of the body of the patient. 
30 Moreover, extension wires may be difficult to implement 

with a very small diameter wire, for example 0.006 to 
0.008 inches. Further, with a very small diameter 
wire, it can be difficult to provide sufficient 
pushability over the combined length of the guide wire 
35 and the extension wire to perform a catheter exchange. 
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Accordingly, with previous guide wire designs, the 
requirement to provide for connection of an extension 
wire has to some degree limited the extent to which the 
guide wire profile could be reduced. 

In the present embodiment, the core wire 62 
has a profile that is significantly smaller than 
previous conventional guide wires. With a core wire of 
the present embodiment, it is preferred not to provide 
for a proximal guide wire extension for the purpose of 
effecting catheter exchanges. Instead, a catheter 
exchange can be accomplished by means of a guide wire 
captivation apparatus and method as described in 
application Ser. No. 07/398,765 filed August 25, 1989. 
For example, it is preferred to use a Trapper catheter 
exchange device, manufactured by SciMed Life Systems of 
Maple Grove, MN. With the use of a guide wire 
captivation device, even a core wire having a very 
small profile can be readily fixed in a vessel 
location. Accordingly, the wire size need not be 
constrained for purposes of providing for an extension 
wire. 

Referring again to Figure 1, in the present 
embodiment, using a guide wire captivation apparatus, 
the catheter shaft 16 can be withdrawn entirely from 
the artery while leaving the core wire 62 in place in 
the arterial site. A second intravascular catheter, of 
a different size for example, can then be installed 
over the core wire 62. This provides the advantage of 
over-the-wire type catheters . Withdrawal of the core 
wire 62 through the catheter shaft 14 is of course not 
provided because the profile of the tip member 70 is 
larger than that of the distal opening 72 and second 
lumen 58. The second intravascular catheter would 
preferably be of a type adapted for use with a small 
profile core wire. 
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II- SECOND PRESENTLY PREFERRED EMBODIMENT 

Referring to Figures 2 to 6, there is 
depicted a second preferred embodiment of the present 
invention. This embodiment is also a balloon catheter 
for performing angioplasty and includes components 
similar or identical to those described with respect 
the above embodiment, except as noted below. Similar 
components in this embodiment are indicated with the 
same numerals as above. 

The embodiment shown in Figures 2 through 6 
incorporate an innerless construction, i.e. the inner 
tubular member 56 is omitted in at least a portion of 
the catheter shaft 14 and a single tubular member 
provides the functions of both the outer tubular member 
15 and the inner tubular-member of a conventional coaxial 

over-the-wire type catheter. This embodiment may be 
constructed in the manner described in U.S. Pat. Nos . 
5,032,113, 5,085,636, or in copending application Ser. 
No. 07/776,559 filed October 15, 1991, the entire 
disclosures of which are incorporated herein by 
reference. 

In this embodiment, the proximal portion 4 8 
of the tubular member 16 is preferably made of type 304 
stainless steel and has an outer diameter of 0.024 
25 inches and a wall thickness of 0.003. The distal 

portion 50 of the tubular member 16 is preferably made 
of high density polyethylene and has an outer diameter 
of 0.024 inches and a wall thickness of 0.025 inches. 
If the proximal portion 48 is made of tubing of a 
superelastic alloy, it preferably has an outer diameter 
of 0.023 and a wall thickness of 0.002 to 0.003. If 
the distal portion 50 is made of tubing of a 
superelastic alloy, it preferably has an outer diameter 
of 0.018 and a wall thickness of 0.001 to 0.002. 
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Referring to Figure 2, the outer tubular 
member 16 extends from the manifold 44 to attach to the 
balloon 26. In this embodiment, a sleeve member 90 is 
located around the core member 62 in the portion of the 
catheter corresponding to the location of the balloon 
26. The sleeve member 90 may be joined to the distal 
waist of the balloon 26. The sleeve member 90 
terminates proximally at a location distal of the 
manifold 44. Preferably, the sleeve member 90 
terminates proximally at a location 92 corresponding to 
the proximal balloon waist 94. The proximal end of the 
sleeve member 90 preferably is connected (e.g. by an 
adhesive) on one edge to a portion of the proximal 
balloon waist. Proximally of the location 92, the core 
wire 62 occupies the same lumen 32 that is used for 
conveyance of inflation fluid. The sleeve member 90 
defines a lumen 96 that communicates with the distal 
opening 72 and which is occupied by a portion of the 
core wire 62. The sleeve member lumen 96 has a 
sufficiently low clearance around the core wire 62 such 
that the balloon 26 can be inflated to dilation 
pressures with little or no loss of inflation fluid 
through the lumen 96 with the core wire in place". 
Further, the sleeve member 90 provides for free core 
wire movement —both axially and rotationally— 
including when the catheter is positioned in tortuous 
arterial anatomy. m a preferred embodiment, the gap 
between the core wire 62 and the sleeve member is 
approximately 0.0001 to 0.0002 inches. (Alternatively, 
a valving device can be incorporated into the sleeve 
member 90, as disclosed in copending application Se-. 
No. 07/776,559). In this embodiment, it is required 
that the proximal portion of the core wire 62 have a 
profile that is less than or equal to the sleeve lumen 
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96 to allow withdrawal of the catheter shaft 14 over 
the core wire 62. 

In this embodiment, the marker member 80 is 
bonded to the sleeve 90 at a proximal location thereof 
5 in the region corresponding to the proximal balloon 

waist . 

Referring specifically to Figures 5 and 6, 
there is illustrated a torque transition member 100 
that can be used with this embodiment with an innerless 
10 construction. The torque transition member 100 may be 

formed in a manner similar to that described above with 
respect to the first embodiment. In the present 
embodiment with an innerless construction, the torque 
transmission member comprises a circular insert 102 
15 located in the lumen 32 at the distal end of the 

proximal portion 48 of the tubular member 16. The 
insert 102 is fixed to the proximal portion 48 so as to 
move rotationally therewith. Extending through the 
insert 102 are one or more apertures 104 to allow 
20 conveyance of inflation fluid therethrough. In 

addition, the insert 102 also includes a keyed aperture 
106. The keyed aperture 106 has a flat side, for 
example, or any shape other than round. The core wire 
62 has an outer profile along a portion thereof 
25 corresponding to the position of the insert 102 so as 

to restrict relative rotation between the core wire 62 
and the insert 102 (and thereby the shaft 16) when the 
keyed region of the core wire engages the keyed 
aperture of the insert 102. Axial movement however is 
30 not impeded. Moreover, in a preferred embodiment, the 

keyed portion of the core wire 62 preferably extends 
for only a relatively short distance, e.g. 2 cm, so 
that beyond the keyed region, the core wire 62 has a 
profile that allows relative rotation with respect to 
35 the insert 102 and shaft 16. Therefore, when the 
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physician requires the torgue transmission feature, the 
core wire keyed region is axially aligned with the 
insert 102 so that torgue can be transmitted from the 
relatively stiff proximal outer tube 4 8 to the core 
wire 62. 

III. THIRD PRESENTLY PREFERRED EMBODIMENT 

Referring to Figure 7, there is depicted a 
third preferred embodiment of the present invention. 
Like the above embodiments, this embodiment is also a 
balloon catheter for performing angioplasty and 
includes components similar or identical to those 
described with respect the above embodiments, except as 
noted below. Similar components in this embodiment are 
indicated with the same numerals as above. 

This embodiment incorporates a single- 
operator exchange construction. In this type of 
construction, the inner tubular member 56 extends 
proximally from the distal opening 72 to a proximal 
opening 114 located in a portion of the elongate shaft 
14 that is normally within the body of the body during 
intravascular use. In this embodiment, the proximal 
opening 114 is located at or close to the connection 
between the distal portion 50 and the proximal portion 
4 8 of the outer tubular member 16 and in particular, 
the proximal opening 114 is located through the kink 
resistant member 52 to enhance the stability of the 
catheter. In this embodiment the proximal opening 114 
is located approximately 12 cm proximally of the 
proximal end of the balloon 26. 

With the single-operator construction, the 
wire is located adjacent to the catheter shaft 16 
proximal of the proximal opening 16. In this 
embodiment, this portion of the catheter shaft is 
normally within the guide catheter conventionally used 
in coronary procedures. Accordingly, the manifold 44 
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will not include a port through which the wire extends. 
However, instead there may preferably be a wire lock 
and release device 118 associated with the manifold 44 
to secure and fix the portion of the wire relative to 
the catheter shaft 16. 

With a core wire of very small profile, it 
may be advantageous to secure the core wire 62 to the 
catheter shaft 16 proximally of the proximal opening 
114. For this purpose a wire containment mechanism 122 
may be provided along the catheter shaft 16 proximal of 
the proximal opening 114. The wire containment 
mechanism 122 also prevents twisting of the core wire 
62 around the catheter shaft 16. In a preferred 
embodiment, the wire containment mechanism 122 retains 
15 the core wire 62 close along the catheter shaft 16 and 

prevents twisting of the small profile wire around the 
shaft 16. It is also preferred that the wire 
containment mechanism 122 allow for at least limited 
axial movement of the core wire 62 relative to the 
20 catheter shaft 16 so that the shaft 16 can be withdrawn 

while leaving the core wire 62 in place in the arterial 
site. The wire containment mechanism 122 may be in the 
form of one or more small wire or plastic clips 124 
that extend laterally from the outside wall of the 
25 catheter shaft 16 and which maintain the core wire 62 

close thereto. Alternatively, the wire containment 
mechanism 122 may be formed by a series of small 
magnets located along the catheter shaft 16 that 
attract the core wire 62 and hold the core wire 62 
30 close thereto. Still a further alternative is to 

provide a longitudinally extending slit along the 
exterior surface of the catheter shaft 16. The slit is 
sized and adapted to allow retaining the core wire 62 
within it during intravascular use but to allow easy 
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removal when the catheter shaft it withdrawn 
proximally. 

An advan.-.age of the single-operator 
construction is that it facilitates catheter exchange. 
5 The catheter shaft 14 can be withdrawn while .. ;e dismal 

end of the wire 62 is left in place in the arterial 
site. A catheter exchange may be performed with the 
single-operator embodiment without the use of a 
captivation catheter. However, a captivation cathete: 
10 may be preferred because of the advantages associated 

with th-- use of the. captivation catheter such as wire 
tip sta.-lity and reduced bleeding back through the 
guide c.a neter. 

Iv - FOURTH PRESENTLY. .PREFER ■■ EMBOr .T ST 
15 Referring to Figur d, the:- s depicted a 

fourth preferred embodiment of the p: ~ -.«nt invention. 
Like the above embodiments, this embc-.-ment is also a 
balloon catheter for performing angioplasty and 
includes components similar or identical to those 
described with respect the above embodiments, except as 
noted below. Similar components in this embodiment are 
indicated with the same numerals as above. 

Like the previous embodiment, this embodiment 
incorporates a single-operator exchange construction. 
25 m this embodiment, the inner tubular member 56 extends 

proximally from the distal opening 72 to the proximal 
opening 114 located in a portion of the elongate shaft 
14 that is normally within the body of the body during 
intravascular use. In this embodiment, the proximal 
opening 114 is located at or close to the connection 
between the distal portion 50 of the outer tubular 
member 16 and the proximal waist portion of the balloon 
26. In this embodiment the proximal opening 114 i s 
located approximately 1 cm proximally of the proximal 
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end of the balloon 26 directly in the distal portion. 
With this construction, the proximal opening 114 may be 
located distal of the distal end of the guide catheter 
during intravascular use. 

In this embodiment, it may be advantageous to 
strengthen the distal portion 50 of the outer tubular 
member 16 to provide for appropriate pushability and 
tracking of the catheter. This may be provided by 
incorporation of a transition member as described in 
the copending application, entitled "Intravascular 
Catheter With Distal Guide Wire Lumen and Transition 
Member" filed on February 10, 1992 (Attorney Docket No. 
3570/92), the entire disclosure of which is 
incorporated herein by reference. Such a transition 
15 member may not be reguired with a catheter of such 

small profile however or may alternatively be provided 
by processing the distal portion 50 of the outer 
tubular member to enhance its stiffness distally. 
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v - FIFTH PRESENTLY PREFERRED EMBODIMENT 

Referring to Figures 9 and 10, there is 
depicted a fifth preferred embodiment "of the present 
invention. Like the above embodiments, this embodiment 
is also a balloon catheter for performing angioplasty 
and includes components similar or identical to those 
25 described with respect the above embodiments, except as 

noted below. Similar components in this embodiment are 
indicated with the same numerals as above. 

Figures 9 and 10 depict a dilation catheter 
having a single-operator construction like that of the 
30 embodiment shown in Figure 8. In the embodiment of 

Figures 9 and 10, the core wire 62 is located in a 
longitudinally extending slot 130 that is formed in and 
by the exterior surface of both the proximal portion 48 
and the distal portion 50 of the outer tubular member 
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16. In particular, the slot 130 is formed by bending 
the proximal and distal tubular members 4 8 and 50 that 
make up the outer tubular member 16 to define a groove. 
Located around the shaft 14 from the manifold 44 almost 
to the proximal wire opening 114 is a sleeve 132. The 
sleeve 132 may be formed of a polymeric sheath that can 
be readily slid over the shaft 14. The sleeve 132 also 
has a slit 134 extending therealong corresponding to 
the slot 130. The slit 134 in the sleeve 132 can be 
formed to be wavy or oscillating to facilitate 
retaining the core wire 62 within the slot 130. The 
sleeve 132, slit 134 and slot 130 are sized so that the 
core wire fits snugly within, but can be removed 
easily. 

15 VI - SIXTH PRESENTLY PREFERRED EMBODIMENT 

Referring to Figures 11 and 12, there is 
depicted a sixth preferred embodiment of the present 
invention. Like the above embodiments, this embodiment 
is also a balloon catheter for performing angioplasty 
and includes components similar or identical to those 
described with respect the above embodiments, except as 
noted below. Similar components in this embodiment are 
indicated with the same numerals as above. 

Figures 11 and 12 depict a dilation catheter 
having a single-operator construction with a 
longitudinally extending slot 130 along the catheter 
shaft 16 like that of the embodiment shown in Figures 9 
and 10. In the embodiment of Figures 11 and 12, the 
proximal wire opening 114 is located at the proximal 
end of the distal tubular portion 50 at the connection 
between the distal tubular portion 50 and the proximal 
tubular portion 48. The location of the proximal wire 
opening 114 is similar to that of the embodiment shown 
in Figure 7. In the embodiment shown in Figure 11, the 
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core wire 62 occupies the same lumen 32 used for 
conveyance of inflation fluid through the distal 
tubular portion 50. This allows for a further 
reduction in overall profile of the catheter by 
5 elimination of the inner tubular member 52 through the 

distal tubular portion 50. This embodiment may 
incorporate a sleeve 140 through the balloon portion 26 
of the catheter. The sleeve 140 may be similar to the 
sleeve 90 described with respect to the embodiment 
10 shown in Figures 2 through 4. 

In this embodiment, a proximal guide wire 
sleeve 142 is located at the proximal wire opening 114 
and extends a short distal distally into the distal 
tubular member. The proximal wire sleeve 142 has 
15 dimensions such that -little or no inflation fluid will 

escape through the sleeve 142 between the wire 62 and 
the sleeve 142 during inflation of the balloon 26. The 
sleeve 142 may be constructed to provide a clearance on 
the order of approximately 0.0001 to 0.0002 inches for 
20 this purpose. 

In order to ensure that the core wire is 
guided into the core wire 62 during a catheter, 
exchange, the distal portion of the sleeve 142 may be 
provided with a funnel-like shape to guide the core 
25 wire through the sleeve 142. 

The embodiment shown in Figures 11 and 12 
also includes a longitudinally extending slot 130. 
Because the core wire 62 is located in the lumen 32 
through the distal portion 50 of the tubular member 16, 
the slot 130 is formed in the exterior surface of only 
the proximal portion 4 8 of the outer tubular member 16. 
This embodiment may also include a sleeve around the 
shaft .14 from the manifold 44 to almost the proximal 
wire opening 114 similar to the sleeve 132 as in the 
35 embodiment shown in Figures 9 and 10. 
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VI1 - SEVENTH P RESENTLY PREFERRED EMBODIMENT 

Referring to Figure 13, there is depicted- a 
seventh embodiment of the present invention. This 
embodiment of the present invention includes an 
innerless construction like that of the embodiment 
shown in Figures 2 through 6. The embodiment of Figure 
13 provides an alternative means for catheter exchange. 
In the embodiment of Figure 13, the proximal tubular 
portion 4 8 is formed of two or more sections 150, 152, 
and 154, that telescope together so that the overall 
length of the proximal portion 4 8 can be changed from 
an extended length for use during dilation and a 
reduced length for use during exchanges. For this 
purpose, the proximal portion 4 8 may preferably be 
formed of three or more' sections each having a length 
of approximately 30 cm. The sections 150, 152, and 154 
are preferably made from stainless steel. Where the 
sections fit together, an annular rim is formed on the 
inside surface of the outer and the outside surface of 
the inner of the telescoping pieces to provide for a 
fluid tight seal and to prevent the sections from 
becoming disengaged.. 

The embodiment of Figure 13 may be used in 
the same manner as a conventional dilation catheter. 
When a need to exchange a first catheter for another 
arises, the first catheter can be withdrawn by 
telescoping together the sections 150, 152, and 154 of 
the proximal portion 4 8 as the catheter shaft 14 is 
withdrawn so that the proximal end of the core wire 62 
can be securely grasped while the distal end of the 
core wire is left in position in the arterial site. 

VIII> EIGHTH PRESENTLY PREFERRED EMBODIMENT 

Referring to Figures 14 - 16, there is 
depicted a still another embodiment of the present 
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invention. This embodiment is similar in some respects 
to the embodiment shown in Figures 2-4. Referring to 
Figure 14, there is a balloon catheter system 200 
having a catheter portion 201 and a guide wire 202. 
5 The catheter portion 201 includes a dilation balloon 

204 located at a distal portion 206 of an elongate 
shaft 206. A manifold 208 is located at. a proximal end 
210. of the shaft 206. A strain relief 209 connects 
over the shaft 206 immediately distal of the manifold 
10 208. The guide wire 202 extends through the elongate 

shaft 206 of the catheter portion 201 and in particular 
the guide wire 202 occupies a position in a lumen 214 
of the shaft 206. As in the previous embodiments, the 
guide wire 202 is removable with respect to the shaft 
15 206 of the catheter portion 201 so that the guide wire 

202 can be maintained in position in a distal vessel 
location while the catheter portion 201 is removed and 
exchanged for another catheter. Also, like the 
previous embodiments, the guide wire 202 has a distal 
portion 216 that has a larger profile than a distal 
guide wire opening 218 of the catheter portion 201 so 
that removal of the catheter portion 201 from -the guide 
wire 202 for catheter exchange may be effected by 
withdrawal of the catheter portion 201 from the guide 
25 wire 202. Also, as in the previous embodiments, the 

guide wire 202 is provided with a proximal end 220 that 
is without a connection for coupling with a guide wire 
extension . 

As in the embodiment depicted in Figures 2-4, 
30 the embodiment 200 has an innerless construction, i.e.,' 

the lumen 214 occupied by the guide wire 202 is also 
used, at least in part, for conveyance of fluid for 
inflation of the balloon 204. Because the guide wire 
202 and the inflation fluid share a common lumen, at 
35 least in part, a seal should be provided to prevent or 
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limit leakage of inflation fluid out the distal opening 
218 during inflation of the balloon 204. 

Referring to Figure 14, a proximal waist 222 
of the balloon 204 is bonded to a distal portion of the 
shaft 206 at a location 224. A distal extension or end 
226 of the shaft 206 is located inside the balloon 204. 
A sealing sleeve 228 is received in the distal 
extension 226 of the shaft and extends distally. The 
sealing sleeve 228 and the distal extension 226 of the 
shaft are not bonded together so that the sealing 
sleeve 228 can slide relative to the shaft distal 
extension 226. A distal waist 230 of the balloon 204 
is bonded to a distal portion of the sealing sleeve 228 
at a location 232. The guide wire 202 extends from the 
distal end of the shaf.t and through a lumen 234 of the 
sealing sleeve 228 and out the distal opening 218 
formed by a distal end of the sealing sleeve 228. A 
close tolerance fit between the guide wire 202 and the 
sealing sleeve 228 as well as between the sealing 
sleeve 228 and the shaft extension 226 prevent or limit 
any significant leakage of inflation fluid out through 
the distal opening 218 during pressurization of the 
fluid for inflation of the balloon 204. 


It is an advantage associated with this 
embodiment that the distal extension 226 of the shaft 
is slidable with respect to the sealing sleeve 228. 
When the balloon is inflated, the balloon expands 
radially and tends to expand longitudinally as well. 
This longitudinal expansion upon inflation tends to 
cause the proximal and distal ends, or waists, of the 
balloon to move apart. Unless the portion of the 
catheter underneath the balloon can accommodate this 
expansion, such expansion can cause stresses on the 
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proximal and distal connections or bonds at the balloon 
proximal and distal waists. With the embodiment 
described above, because the shaft 206 and sealing 
sleeve 228 can move apart when the balloon is inflated, 
stresses at the connections between the balloon and the 
shaft or between the balloon and sealing sleeve can be 
reduced. 

One or more openings 236 are located through 
the shaft extension 226 inside the balloon 204 in order 
to provide for fluid communication between the lumen 
214 and the interior of the balloon 204. These 
openings 236 allow fluid to pass from the lumen 214 to 
the interior of the balloon 204 for inflation thereof. 
These openings 236 are located in a portion of the 
shaft extension 226 proximal of the location of the 
proximal end of the sealing sleeve 228 inside the 
extension 206. In a preferred embodiment, 4 openings 
are provided each having a diameter of approximately 
0.008 inches. These openings 236 are spaced 1 mm apart 
axially from each other along the shaft extension 226 
and each opening is staggered 90° apart 
circumferentially from an adjacent opening. 

A marker 238 is located underneath the 
balloon 204. The marker 238 is composed of a ring of a 
radiopaque material such as 90% platinum and 10% 
iridium. The marker 238 is approximately 0.051 inches 
in length and 0.0015 inches in thickness. The marker 
238 is used in a conventional manner for fluoroscopic 
observation of the position of the balloon 204. In a 
preferred embodiment, the marker 238 is also used to 
transmit an axially applied force from the shaft 206 
and shaft extension 226 to the sealing sleeve 228. In 
a preferred embodiment, the marker 238 is bonded to the 
sealing sleeve 228 at location so that it forms a 
shoulder against which a distal end of the shaft 206 


can abut, as shown in Figure 15. Thus, when a pushing 
force is applied to the elongate shaft 206 at the 
proximal end by the physician for example during 
positioning of the catheter system 200, the force will 
5 be transmitted across the slidable-f itting shaft 

extension 226 and sealing sleeve 228 to the distal 
portion of the catheter. This feature enhances the 
maneuverability of the catheter. Because 
maneuverability is required when the balloon catheter 
10 200 is being positioned, the location of marker 238 

abutting the distal. end of the shaft extension 226 is 
associated with the balloon 204 in its uninflated 
condition, as shown in Figure 15. Inflation of the 
balloon 204 will tend to cause the proximal and distal 
15 ends of the balloon to 'move apart. Because the sleeve 

228 and the shaft extension 226 can slide relative to 
each other, they will also tend to move apart such that 
when inflated, the marker 238 will not be immediately 
adjacent the distal end of the shaft extension 226, as 
20 shown in Figure 14. Upon deflation of the balloon 204, 

the proximal and distal ends of the balloon 204 will 
tend to come together again and the marker 238. will 
also return to an abutting position against the distal 
end of the shaft extension 226. 
25 In a Preferred embodiment, the sealing sleeve 

228 may be provided in a length so that approximately 
0.023 to 0.062 inches of the sealing sleeve 228 extends 
into the distal extension 226 of the shaft. The 
sealing sleeve 228 possesses an outer diameter of 
approximately 0.013 inches and an inner diameter of 
approximately 0.011 inches. in a present embodiment, 
the sealing sleeve is composed of polyamide with a 
coating of PTFE (e.g. Teflon) on an inner surface 
thereof. The balloon 204 is made of an irradiated 
polyolefin copolymer such as Surlyn available from 
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DuPont or a low or medium compliance material such as a 
PET. The balloon may be provided in various diameters 
and lengths. The shaft 206 is composed of a two-piece 
construction with a proximal portion 239 composed of 
5 304 stainless steel and a distal portion 240 composed 

of high density polyethylene. The shaft 206 has a 
length of approximately 66.5 inches from the manifold 
208 to the proximal end of the balloon 204. The shaft 
206 has a proximal outer diameter of approximately 
10 0.023 inches and a distal outer diameter of 0.026 

inches with a portion in an intermediate section where 
the proximal and distal pieces overlap having an outer 
diameter of approximately 0.033 inches. The wall 
thickness of the shaft 206 is approximately 0.0025 
15 proximally and 0 . 003-inches distally. The distal 

extension 22 6 of the shaft that extends into the 
balloon is preferably formed of the same piece of 
material as the portion of the shaft 206 immediately 
proximal therefrom. Alternatively, the shaft extension 
2 0 226 may be made of a separate piece of tubing that is 

connected to the shaft 206 at or on either side of the 
proximal balloon waist. The length of the distal 
extension 226 of the shaft that extends into the 
balloon is sufficient to allow for a length for the 
25 inflation openings 236 as well as another length for an 

overlapping region where the proximal portion of the 
sealing sleeve 228 is received in the distal end of the 
shaft extension 226. The length of the distal shaft 
extension 226 is thus dependent on the size of the 
30 balloon and accordingly will vary with different 

balloon sizes. With a typical range of balloon sizes, 
the length of the shaft distal extension 226 distal of 
the proximal balloon waist is approximately 0.47 to 
1.14 inches. The inner diameter of the shaft distal 
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extension 226 in the portion that receives the sealing 
sleeve is approximately 0.014 inches. 

As mentioned above, the guide wire 2 02 is 
removable with respect to the shaft 206 by withdrawal 
5 of the shaft 206 from the guide wire 202. Referring to 

Figure 16, there is depicted a preferred embodiment of 
the guide wire 202 especially for use with the 
embodiment shown in Figure 14 and 15. The guide wire 
202 includes the distal portion 216 and a proximal 
10 portion 244. In a preferred embodiment, the proximal 

portion 244 of the guide wire 202 includes a core 
portion 246 and a wire sleeve portion 248 that is 
located around at least a part of the core portion 24 6. 
The core portion 246 is made of a high tensile 
15 stainless steel such as 304 stainless steel and the 

wire sleeve portion 248 is made of a polymer, such as 
PTFE (e.g. Teflon). The polymer may be heat shrunk 
onto the core wire 246. At least a portion of the 
guide wire 202 is coated with a low friction coating 
20 such as silicone. In a present embodiment, a silicone 

coating is applied to the distal portion 216 and a 
distal region of the proximal portion 244. A proximal 
region of the proximal portion 244 of the guide wire is 
left uncoated with the silicone. The uncoated proximal 
region of the guide wire 202 is approximately 18 inches 
in length. The guide wire sleeve portion 24 8 is 
located immediately proximal of the distal portion 216 
of the guide wire 202. The guide wire sleeve portion 
248 extends along a section of the proximal portion 244 
of the guide wire 202 that corresponds approximately to 
the section of the guide wire 202 that is located in 
the sealing sleeve 228 of the catheter portion 201 
during use. in a present embodiment, the guide wire 
sleeve portion 248 extends for approximately 6.50 
inches proximally from the distal portion 216 of the 
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guide wire 202. The guide wire sleeve portion 24 8 
helps improve the fluid seal between the sealing sleeve 
228 of the catheter portion 201 and the guide wire 202. 
For this purpose, the guide wire sleeve portion 248 is 
preferably made of a material that forms a close and 
fluid sealing fit with the sealing sleeve 228. 

The guide wire 202 has an overall length 
greater than that of the catheter portion 201. 
Specifically, the guide wire 202 has a length such that 
the distal portion 216 extends distally from the distal 
end of the catheter portion and at least a portion of 
the proximal- portion 244 extends proximally from the 
proximal end of the catheter portion 201. In a present 
embodiment, the guide wire 202 has a length of 
15 approximately 75 inches. As mentioned above, the 

distal portion 216 has a larger profile than the 
proximal portion 244 including the wire sleeve 24 8. 
The proximal portion 244 should have a profile that is 
not larger than the distal opening 218 of the catheter 
201 so that the shaft 206 can be withdrawn proximally 
over the guide wire 202. In a preferred embodiment, 
the proximal portion 244 of the guide wire is -not 
larger than approximately 0.011 inches. Irt a preferred 
embodiment, the proximal portion 244 does not have a 
25 uniform profile but instead includes a first section 

250 extending from the proximal end 252 for length of 
approximately 62 inches and having a diameter of 
approximately 0.010 inches, a second section 254 
immediately distal of the first section and having a 
length of approximately 2.00 inches that tapers down to 
approximately 0.0067 inches, a third section 256 
located immediately distal of the second section and 
having a uniform diameter of approximately 0.0067 
inches and a length of approximately 5 inches, a fourth 
35 section 258 immediately distal of the third section and 
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having a length of approximately 5 inches that tapers 
down to approximately 0.0055 inches, and a fifth 
section 260 immediately distal of the fourth section 
and having a length of approximately 2.156 inches. A 
radiopaque coil spring 262 is affixed to the distal end 
of the core wire. The coil 262 is approximately 1-2 
cm in length and surrounds a distal portion 2 64 of the 
fifth section 260 of the core wire. The core wire is 
preferably flattened in the most distal section along 
the portion that is located within the coil. The coil 
spring 262 and core wire 246 form the distal section 
216 of the guide wire 202. The coil spring 262 has an 
outer diameter of approximately 0.015 inches. The core 
wire 246 and/or the sleeve portion 248 may be 
centerless ground to provide the appropriate 
tolerances . 

In a preferred embodiment, one or more 
markers 270 may be located along a proximal portion of 
the guide wire 202. These markers are located along a 
section of the proximal portion 250 of the guide wire 
that would extend proximally from the manifold 208. By 
observation of the positions of these markers .270 
relative to the manifold 208, the physician can' 
determine the extent that the distal portion 216 of the 
guide wire 202 is extended past the distal end of the 
catheter portion 201. Also, the physician can 
determine when the guide wire sleeve 24 8 is in 
alignment with the sealing sleeve 228 so that the 
balloon can be inflated. In a preferred embodiment, 
there are two markers. One of the markers is located 
approximately 60 inches proximal of the distal portion 
216 of the guide wire and another of the markers is 
located approximately 65.5 inches proximal of the 
distal portion 216 of the guide wire 202. In a 
preferred embodiment, each marker is approximately 0.5 
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inches in length and is applied by means of a 
biocompatible ink. 

In a preferred embodiment, the catheter 
system 200 can be used in the manner described above in 
connection with the embodiment of Figures 2-4. 
Prepping the catheter 200 is performed with the guide 
wire 202 in place in the lumen 214. When prepping the 
catheter system 200, it is preferable to immerse the 
balloon 204 in a 50-50 mixture of Renografin and saline 
when drawing a negative pressure to prevent pulling any 
air into the distal end of the catheter 201 due to any 
slight leakage. The guide wire 202 is releasably fixed 
against relative movement with respect to the catheter 
portion 201 so that the catheter system 200 can be 
15 handled and positioned like a conventional fixed wire 

balloon catheter. In the event that a catheter 
exchange is desired, the embodiment provides the 
advantage unavailable in fixed wire catheters that the 
guide wire can be left in position intravascularly 
while the catheter portion 201 is withdrawn and 
replaced with another catheter over the same guide wire 
202. The second catheter may be any type of catheter 
compatible with the guide wire 202. The second 
catheter should be of the type- that receives a 
25 conventional guide wire in a guide wire lumen. In a 

preferred embodiment, the second catheter is not 
necessarily a catheter similar to the catheter portion 
201. 


20 


30 


IX - CATHETER WITH MANIFOLD ASSEMBLY EMBODIMENT 

According to a further embodiment of the 
present invention, there is provided a manifold for a 
catheter and in particular a manifold for the catheter 
depicted in Figures 14 - 15 in which a guide wire port 
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is adapted to automatically both grip a guide wire and 
provide a fluid seal around the guide wire, and further 
in which an inflation port is automatically sealed upon 
disconnection of an inflation device. 

As mentioned above, the manifold 208 is 
located at the proximal end of the balloon catheter 
200. The manifold 208 provides for receiving the guide 
wire 202 and for connecting to a source of inflation 
fluid for the purpose of inflating the balloon for 
dilation. Accordingly, the manifold 208 includes a 
guide wire port 300. and an inflation port 302. 

A. Automatic Fluid Seal and Spatial Fixation of 
Guide Wire 

With respect* to the guide wire port 300, the 
manifold 208 provides for several functions. According 
to an aspect of this embodiment, the catheter portion 
201 may be fixed with the guide wire 202 so that 
catheter portion 201 and guide wire 202 can be advanced 
intravascularly together in a manner similar to a 
fixed-wire balloon catheter. For this purpose, the 
manifold 208 provides for fixing the guide wire 202 
with respect to the catheter portion 201. Also,' as 
mentioned above, the catheter portion 201 can be 
withdrawn from the guide wire 202. Therefore, the 
manifold 208 also provides for removability of the 
guide wire 202. Further, because the guide wire 202 
and inflation fluid share a common lumen 214 in the 
shaft 206, the manifold 208 should also provide for a 
fluid seal so that inflation fluid does not escape 
through the guide wire port of the manifold. These 
three features are provided in the embodiment of the 
manifold disclosed herein as follows. 

Referring to Figures 17 and 18, there are 
exploded views of the manifold 208. The manifold 208 
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includes a manifold body 310 with a main body portion 
312 and an inflation port base portion 316 that extends 
at 90° from the main body portion 312. The manifold 
body 310 has a main bore 314 extends through the main 
body 312. The inflation port base portion 316 also has 
an inflation bore 318 extending therethrough that 
communicates between the inflation port 302 and the 
main bore 314. The manifold body 310 and inflation 
port base portion 316 may be made of a hard plastic 
material such as polycarbonate. 

Located in the main bore 314 directly at the 
location at which the inflation bore 318 communicates 
therewith is a manifold body insert 322. The manifold 
body insert 322 has a generally cylindrical outer shape 
and is sized to fully: occupy a recess 323 in the main 
body 312 in this region. The manifold body insert 322 
has an insert bore 324 extending therethrough having a 
size at least large enough to accommodate the guide 
wire 202. The insert bore 324 is tapered so that it is 
larger distally than at its proximal end for reasons 
explained below. The manifold body insert 322 includes 
an annular recess 328 that extends completely around 
the exterior circumference approximately midway "along 
its length. A manifold insert inflation bore 330 
extends from the recess 328 to the insert bore 324 . in 
a preferred embodiment, the manifold body insert 322 is 
made of a relatively hard plastic material such as 
polycarbonate. 

Immediately proximal of the location in the 
main bore 314 occupied by the manifold body insert 322, 
the main bore 314 increases in size forming a shoulder 
332. Located in this section of the main bore 314 is a 
compression seal 336. The compression seal 336 is 
located directly adjacent the shoulder 332. The 
compression seel 336 is formed of a soft sealable, 
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elastic material, such as Kraton available from Shell 
Chemical. The compression seal 336 includes a sealing 
bore 338 therethrough. The size of the sealing bore 
338 through the compression seal 336 is adjustable 
depending on the compressive forces applied to the 
compression seal 336. When not under compression, the 
sealing bore 338 through the compression seal 336 has a 
diameter of approximately 0.020 inches. 

Immediately proximal of the location in the 
main bore 314 occupied by the compression seal 336 is a 
collet seat 340. The collet seat 340 has a generally 
cylindrical outer shape. A collet seat bore 342 
extends through the collet seat 340. The collet seat 
bore 342 is tapered from both its proximal and distal 
ends 344 and 34 6 so that a middle portion 348 of the 
collet seat bore 342 is smaller in diameter than either 
the proximal or distal ends 344 and 34 6. The size of 
the collet seat bore distal end 34 6 conforms generally 
to the unstressed diameter of the sealing bore 338. 
The size of the collet seat smallest diameter at the 
middle portion 34 8 is sufficient to accommodate the 
guide wire 202. In a preferred embodiment, the collet 
seat 34 0 is made of a relatively hard plastic material 
such as Lexan which is available from General Electric. 

Immediately proximal of the collet seat 34 0 
and occupying a position partially in the main bore 314 
is a collet assembly 352. In a present embodiment, the 
collet assembly 352 is comprised of a collet body 356 
and a collet insert 358. The collet insert 358 is 
received in a proximal recess 360 of the collet body 
356 and snaps into place permanently to form the collet 
assembly 352 . The collet assembly 352 has a collet 
bore 362 extending therethrough. The collet assembly 
352 includes a handle portion 364, a threaded portion 
366, and a vise portion 368. The handle portion 364 is 
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defined by an exterior surface of a large diameter 
proximal portion of the collet assembly 352. When 
assembled, the handle portion 364 extends proximal of 
the proximal end of the manifold body 310. The 
5 threaded intermediate portion 366 is located 

immediately distal of the handle portion 364. The 
threaded intermediate portion 366 is adapted to 
threadably engage corresponding threads 37 0 on a 
proximal portion of the main bore 314 of the manifold 
10 body 310. The vise portion 368 is immediately distal 

of the threaded portion 366. The vise portion 368 
includes an elongate cylindrical portion 372 and a 
tapered distal portion 374. The tapered distal portion 
374 of the vise portion 368 is adapted to conform to 
15 the tapered proximal .portion 344 of the collet seat 

bore 342. The vise portion 368 is comprised of at 
least two leaves 378 and 380 separated by a 
longitudinal slit 382 with the collet bore 262 
extending through the leaves 378 and 380. In a 
20 preferred embodiment, the collet body 356 and the 

collet insert 358 are made of a relatively hard plastic 
material such as Ultem which is available from General 
Electric Co. 

When assembled, the vise portion 368 and 
25 threaded portion 366 of the collet assembly 352 extend 

into the recess 370 of the manifold body 310. The 
tapered distal portion 374 of the collet assembly is 
located directly adjacent, the proximal tapered portion 
344 of the collet seat bore 342. The compression seal 
30 336 is located between the collet seat 340 and the 

shoulder 332 of the manifold body 310. The manifold 
body insert 322 is located in a portion of the main 
bore 314 so that the inflation port passageway 318 is 
aligned with recess 328 in the insert 322. The collet 
35 assembly 352 is rotatably attached to the manifold main 
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body 310 with instable threads 366 and 370 so that the 
collet assembly 352 can be advanced into and retracted 
out of the manifold body 310 by rotating the collet 
assembly 352 relative to the manifold body 310 by means 
of the handle portion 364. The collet assembly 352 is 
prevented from being completely withdrawn from the 
manifold body by a stop 384 on the edge of the collet 
assembly 352. This stop 384 moves past snap ribs 500 
and 501 during assembly and the snap ribs prevent 
disassembly when the collet handle 364 is turned 
counterclockwise. 

In order to position the guide wire 202 into 
the catheter portion 201, the guide wire 202, is 
backloaded into the catheter portion 201, i.e. the 
15 proximal end of the guide wire 202 is slid through the 

distal opening 218 of the catheter portion 201. The 
guide wire 202 is then advanced back through the 
catheter portion 201. When the proximal end of the 
guide wire gets to the manifold 208, it is received in 
the main bore 314 passing into the inflation port base 
portion 316. The proximal end of the guide wire 202 is 
then received in the insert bore 324. The tapered 
profile of the insert bore 324 centers the guide'wire 
proximal end as it exits the proximal end of the insert 
25 322 so that it is positioned centrally in the sealing 

bore 338. The larger distal diameter of the insert 
bore 324 also provides a larger annular region around 
the guide wire distally for the conveyance of inflation 
fluid. The guide wire 202 next extends proximally 
through the sealing bore 338 of the compression seal 
336 and into the distal side 346 of the collet seat 
340. As mentioned above, the collet seat bore 342 is 
tapered so that its proximal and distal ends are larger 
in size than the middle. The larger distal dimension 
35 of the collet seat bore 342 facilitates receiving the 
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guide wire 202 from the compression seal 336, Because 
the sealing bore 338 is variable in size, the tapered 
distal portion 346 of the collet seal bore 342 
facilitates receiving the guide wire from the 
compression seal 336 even if it is not exactly aligned 
centrally. The guide wire next exits the collet seat 
340 and enters the collet bore 362 in the collet 
assembly 352. The guide wire extends through the 
collet assembly 352 and out the proximal end of the 
manifold 208. When the guide wire is fully positioned 
proximally in the catheter portion 201 approximately 10 
inches of the proximal end of the guide wire extends 
proximally out of the manifold 208. 

When the catheter system 200 is being 
positioned, the guide. wire 202 and the catheter portion 
201 may be advanced together, like a fixed wire 
catheter, or alternatively, the guide wire 202 may be 
advanced somewhat ahead of the catheter portion 201. 
When it is desired to fix the position of the guide 
wire 202 with respect to the catheter portion 201, the 
collet assembly 352 is rotated clockwise relative to 
the manifold body 310 thereby advancing the collet 
assembly into the manifold body 310. This- forces the 
distal end of the collet assembly into the collet seat 
34 0 and the compression seal 336. The compression seal 
is compressed between the collet seat 34 0 and the 
shoulder 332 of the manifold body 310 causing the 
compression bore size to be reduced. With a sufficient 
amount of pressure applied from the collet assembly 
352, the compression seal 336 closes down on the guide 
wire forming an fluid tight seal around the guide wire 
thereby preventing inflation fluid from leaking out the 
guide wire port 300. 

Advancement of the collet assembly 352 also 
automatically grips the guide wire 202 in order to fix 
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the position of the guide wire with respect to the 
manifold 208 (and therefore also the catheter portion 
201) so that the guide wire 202 and catheter portion 
201 can be handled like a conventional fixed-wire 
catheter. As mentioned above, rotation of the collet 
assembly 352 clockwise advances the collet assembly 
into the manifold body 310 forcing the distal vise 
portion 368 of the collet assembly 352 into the tapered 
proximal portion 344 of the collet seat 340. Because 
the vise portion 368 of the collet assembly has a 
tapered distal tip 374, moving the collet assembly 
distally squeezes the tapered distal end portion 374 
into the collet seat bore proximal tapered end 344. 
This has the effect of transferring the axial force 
15 from the collet assembly onto the leaves 378 and 380 

thereby forcing them together. Because the guide wire 
occupies an position in the bore 362 between the leaves 
378 and 380, this also has the effect of securing the 
guide wire inside the vise portion 368. 

In this manner, the guide wire 202 can be 
secured in the manifold 208 against axial or rotational 
movement with respect to the catheter portion 201. 
Moreover, rotation of the handle portion 364 also 
automatically compresses the seal 336, as explained 
above, so that the guide wire 2 02 can be secured both 
mechanically and fluidly in the guide wire port 300. 

Alternatively, if the physician prefers, it 
is also possible to position the catheter system 200 by 
advancing the guide wire 202 independently of the 
30 catheter portion 201. In order to operate the catheter 

portion in this manner, the handle 364 is rotated 
counterclockwise slightly so that the vise portion 368 
no longer secures the guide wire 202 against relative 
movement with respect the catheter portion 201. Then, 
35 the physician can move the guide wire 202 further in 
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advance of the distal end of the catheter portion or 
rotate the guide wire independently of the catheter 
portion as needed. When it is desired to fix the guide 
wire position again, this is readily accomplished by 
adjustment of the collet assembly handle 364. 

The guide wire port 300 on a catheter 
manifold 208 that provides for automatic fluid sealing 
around the guide wire and mechanical fixation has 
particular utility with respect to the embodiment of 
the catheter system 200 discussed above because the 
guide wire 201 occupies the same lumen 214 used for 
inflation fluid. It can be appreciated that the 
automatic fluid sealing and mechanical fixation guide 
wire port 300 could also be used on other types of 
15 catheters. For example, the embodiment of the guide 

wire port described above could also be used on an 
over-the-wire type catheter in which the guide wire 
occupies a position in a lumen separate from the lumen 
used for inflation fluid. With such catheters, a fluid 
seal should be maintained to prevent blood from exiting 
back through the guide wire lumen. Also, with the 
over-the-wire type catheter, it may be" preferable to 
mechanically fix the guide wire and catheter to" prevent 
relative movement therebetween. The automatic guide 
25 wire port described above could be readily used for 
such a catheter arrangement. 

B. Automatic Sealing of Fluid Port 

With respect to the inflation port 302, the 
manifold 208 provides for several functions. As 
mentioned above, according to a feature of this 
embodiment, the catheter portion 201 may be fixed with 
the guide wire 202 so that catheter portion 201 and 
guide wire 202 can be advanced intravascularly together 
similar to a fixed-wire balloon catheter and for this 
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purpose, the manifold 208 provides for fixing the guide 
wire with respect to the catheter. During this stage 
of the procedure, the catheter has already been prepped 
so that it would be preferred to prevent air from 
entering the inflation lumen. Accordingly, some 
physicians leave a syringe or inflation device attached 
to the inflation port to prevent air from entering the 
inflation lumen. This can be cumbersome and make 
handling of the catheter more difficult, stop cock 
arrangements are sometimes employed , = but these can be 
cumbersome as well.. 

The manifold 208 in the present embodiment 
provides for automatically opening the inflation port 
302 when a source of inflation fluid is attached and 
automatically sealing..the inflation port when the 
source of inflation fluid is disconnected. This has 
the advantage that the physician can readily disconnect 
the syringe or inflation device during positioning of 
the catheter without the concern that air may enter the 
inflation passage. 

Referring to Figures 17-21, a rotary seal 400 
is received into a recess 402 defined by a wall 404 of 
the inflation port base portion 316 of the manifold 
body 310. A cap 408 is connected to the inflation port 
base portion 316 in a manner that provides for limited 
rotational movement. Specifically, the cap 4 08 
includes skirts 410 and 412. These skirts 410 and 412 
will abut a stop 414 located on the inflation port base 
portion 316 thereby limiting . rotational movement of the 
cap 408 with respect to the inflation port base portion 
316 to approximately 90°. m a preferred embodiment, 
the rotary seal 4 00 is made of polyethylene and the cap 
4 08 is made of polycarbonate. 

Optionally, an O-ring 416 may be located 
between the cap 4 08 and the inflation port base portion 
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316 to provide a fluid tight seal between these two 
components even during relative rotation. The O-ring 
may be omitted if a fluid tight seal can be otherwise 
provided. 

The cap 4 08 includes a top portion having a 
conventional male Luer fitting 420 to receive a syringe 
422 (shown in Figure 19), inflation device or other 
apparatus having a conventional male Luer fitting. The 
cap 4 08 includes a receiving bore 424 communicating 
with the Luer fitting. An inner bore 426 extends 
laterally through an inner wall 428 of the cap 408. 
The inner wall 428 and an outer wall 430 define a 
cylindrical recess 432 between them in which the rotary 
seal 400 and the wall 404 of the inflation port base 
15 portion 316 are located. Located in the outer wall 430 

of the cap 408 is an outer bore 434. The outer bore 434 
is in alignment with the inner bore 426. 

As mentioned above , the rotary seal 4 00 is 
located in the recess 402 defined by the wall 4 04 of 
the inflation port base portion 316. The rotary seal 
4 00 is generally cylindrical in shape as is the wall 
4 04 of the inflation port base portion that defines the 
recess 4 02 so that these two pieces fit into the recess 
4 32 in the cap 4 08. The rotary seal 4 00 is shaped such 
25 that it is fixed against relative rotation with respect 

to the inflation port base portion 316. The rotary 
seal 400 includes a venting bore 436 and an inflation 
bore 438. The venting bore 436 and inflation bore 438 
are approximately 90° apart. The venting bore 436 
extends from an inside of the rotary seal 400 partially 
through the rotary seal wall. The inflation bore 4 38 
extends from the inside of the rotary seal wall all the 
way through the seal wall and also extends downward to 
a bottom side 440 of the rotary seal 400. The 
35 inflation port base portion 316 has a venting bore 442 
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that extends through the wall 4 04. When the rotary 
seal 400 is in position in the inflation port base 
portion 316, the venting bore 436 of rotary seal is 
aligned with the venting bore 442 of the inflation port 
base portion 316 to provide for communication 
therethrough. However, at the location of the 
inflation bore 438 of the rotary seal 400, the wall 404 
of the inflation port base body 316 is solid and there 
is no hole through it. Therefore, at the location of 
the inflation bore 4 38 of the rotary seal, the only 
pathway for the inflation fluid is down to the bottom 
edge 440 of the rotary seal 400. Located in a wall of 
the inflation port base 316 is the lower bore 318 that 
communicates from the bottom edge 440 of the rotary 
seal 4 00 to the main bore 314. 

When the cap 4 08 and the inflation port base 
316 are aligned as shown in Figure 21, the venting bore 
436 of the rotary seal 400 and the venting bore 442 in 
the inflation port base portion wall 404 are in 
alignment with the inner and outer bores 426 and 430 of 
the cap 408. However, in this position, the cap walls 
428 and 4 30 prevent communication between the receiving 
bore 424 of the cap and the main bore 314. In this 
position, the inflation device 422 and the upper 
portion of the manifold may be vented to remove any 
air, but the lumen 214 of the catheter shaft is sealed 
off. 

When the cap 408 and the inflation port base 
316 are aligned as shown in Figure 19 or 20, the 
inflation bore 438 of the rotary seal 400 is in 
alignment with the inner bore 426 of the cap. However, 
since the wall 404 of the inflation port base is 
directly next to the inflation bore 438 of the rotary 
seal 400, the only flow passage is down to the bottom 
440 of the seal. Thus, fluid communication is provided 
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between the receiving bore 424 and main bore 314 via 
the inner bore 426 of the cap, the inflation bore 438 
of the rotary seal, the lower bore 318 of the inflation 
port base, and the annular recess 328 and the inflation 
5 bore of the insert 322. In this position, the source 

of inflation fluid 422 is in communication with the 
main bore 314 and the catheter lumen 214 and therefore, 
the balloon 204 can be inflated. 

The cap 408 and the inflation port base 316 
10 are connected in a manner so that relatively little 

force is required to rotate the cap 408 relative to the 
inflation port base 316. Specifically, relatively less 
force is required to move the cap 408 relative to the 
manifold body 316 than is required to tighten a syringe 
15 or inflation device 422 onto the Luer fitting 420 of 

the cap. Accordingly, when a syringe or inflation 
device is positioned onto the female Luer fitting 420 
on the cap and the syringe or device is rotated 
clockwise relative to the manifold body 316, the cap 
20 408 will be made to rotate first thereby moving the cap 

4 08 from the venting position (Figure 21) to the 
inflating position (Figure 19). Then, after the cap is 
rotated into the inflating position, the skirt 410 
abuts the stop 414 preventing further rotation of the 
25 cap relative to the manifold body 310. Further 

rotation applied to the syringe or inflation device 422 
will cause relative rotation between the syringe and 
the cap 4 08 thereby tightening the Luer fitting to form 
a fluid tight seal between the syringe and the manifold 
30 208. 

Disconnection of the syringe follows in the 
reverse order. When the syringe 422 is rotated 
counterclockwise to disconnect it from the manifold 
316, the rotational force applied to the syringe will 
35 first move the cap 408 from the inflation position to 
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the venting position. When the cap 408 is in the 
venting position, further counterclockwise force 
applied to it causes the skirt 412 to abut the stop 414 
thereby preventing further relative movement between 
the cap and inflation port base. Further force 
applied to the syringe 422 will then cause relative 
rotation between the syringe and the cap to disconnect 
the Luer lock. In this manner, the syringe or other 
inflation device can be connected and disconnected to 
the manifold 208 and at the same time the inflation 
passage can be automatically opened and then sealed. 

The automatic inflation port sealing feature 
described above has particular utility when used with 
the catheter 200. This is because it is important to 
keep air out of the common lumen 214 shared by the 
guide wire and inflation fluid. It can be appreciated 
that the automatic inflation port sealing feature could 
also be used on other types of catheters, including 
even those that do not use guide wires. For example, 
it may be useful to have an automatic fluid sealing 
port in a catheter used for infusion of dyes or 
medicines so that the syringe with the' dye or medicine 
fluids can be readily disconnected and the syringe 
taken off without blood flowing back through the 
25 manifold port. 

It is intended that the foregoing detailed 
description be regarded as illustrative rather than 
limiting and that it is understood that the following 
claims including all equivalents are intended to define 
30 the scope of the invention. 
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WE CLAIM: 

1. A balloon catheter for use with a guide 
wire, said balloon catheter comprising: 
an inflatable balloon; 

an elongate shaft having a proximal portion 
and a distal portion, said inflatable balloon located 
at said distal portion and said elongate shaft having 
an inflation lumen for conveying fluid for inflation of 
said balloon; 

a shaft extension located inside said balloon 
and extending from a proximal end of said balloon, said 
shaft extension having an opening therethrough 
communicating with the inflation lumen; and 

a sealing sleeve located inside said balloon 
15 and extending from a distal end of said balloon, said 

sealing sleeve and said shaft extension fitting 
together one inside the other in a slidable, fluid- 
sealing relationship with each other. 
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2. The balloon catheter of Claim 1 in which 
said shaft extension is formed of a distal portion of 
said elongate shaft. 


3. The balloon catheter of Claim 1 further 
comprising: 

a guide wire lumen extending through said 
25 elongate shaft/ said guide wire lumen adapted to 

receive a guide wire. 

4 . The balloon catheter of Claim 3 in which 
said inflation lumen is also adapted to receive the 
guide wire. 

30 5 - The balloon catheter of Claim 1 in which 

said sealing sleeve defines a guide lumen therethrough. 
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6. The balloon catheter of Claim 1 in which 
said sealing sleeve is received inside a distal end of 
said shaft extension. 

7. The balloon catheter of Claim 1 further 
comprising: 

a shoulder located on said sealing sleeve and 
adapted to be abutted by a distal end of said shaft 
extension for the transference of force from said shaft 
extension to said sealing sleeve. 

8. The balloon catheter of Claim 1 in which 
said sealing sleeve defines a guide wire lumen 
therethrough forming a fluid sealing fit with respect 
to a guide wire received therein. 

9. The balloon catheter of Claim 3 further 
comprising: 

a guide wire adapted to be received in said 
guide wire lumen, said guide wire having: 

a distal portion having a profile greater 
than a distal guide wire opening of said balloon 
catheter. 

10. The balloon catheter of Claim 1 further 
comprising: 

a guide wire comprising: 

a polymer jacket forming an exterior surface 
of said guide wire at a location along said guide wire 
that corresponding to the sealing sleeve of said 
catheter when said guide wire is positioned in said 
catheter during use. 


11. A manifold for a catheter comprising: 
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a manifold body having a manifold bore 
extending therethrough in communication with a lumen of 
the catheter, 

a port on the manifold communicating with the 
manifold bore, said port sized and adapted to allow a 
guide wire to extend from a position outside the 
catheter, through said port, into the manifold bore, 
and into the catheter lumen; 

a fluid seal in said port adapted to provide 
a fluid tight seal around a guide wire extending 
through said port to limit the passage of fluid around 
the guide wire between the manifold bore and a position 
outside the catheter; 

a gripping apparatus adapted to restrict 
15 relative movement between said manifold body and a 

guide wire in said port; and 

an actuator located at said port and adapted 
to operate said fluid seal and said gripping apparatus. 
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12, The manifold of Claim 11 in which 
actuation of said actuator is adapted to operate one of 
said fluid seal and said gripping apparatus and 
continued actuation of said actuator is adapted to 
operate the other of said fluid seal and said gripping 
apparatus. 

25 13. The manifold of Claim 11 in which said 

actuator is further adapted to operate said fluid seal 
and said gripping apparatus to open said fluid seal and 
to release said gripping apparatus. 


30 


14. The manifold of Claim 11 in which said 
fluid seal comprises a compression seal located around 
said manifold bore and adapted to seal down around a 
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guide wire located in said bore upon application of 
force from said actuator. 

15. The manifold of Claim 11 in which said 
gripping device comprises a collet defining a bore 
therethrough for receiving a guide wire that extends 
into the manifold bore and a collet seat defining a 
bore therethrough for receiving the guide wire, said 
collet adapted to be received into said collet seat 
upon application of force from said actuator, 

16. The manifold of Claim 14 in which said 
gripping device comprises a collet defining a bore 
therethrough for receiving a guide wire that extends 
into the manifold bore ' and a collet seat defining a 
bore therethrough for receiving the guide wire, said 
collet adapted to be. received into said collet seat 
upon application of force from said actuator, said 
collet and said collet seat adjacent of said 
compression seal. 

17. The manifold of Claim 16 in which said 
collet, said collet seat, and said compression seal are 
adapted to receive a force from said actuator. 

18. The manifold of Claim 14 in which said 
manifold body comprises a shoulder against which said 
compression seal is compressed by an application of 
force from said actuator. 

19. The manifold of Claim 11 in which said 
catheter is a balloon catheter and in which said lumen 
is adapted to both receive a guide wire and convey 
fluid for inflation of an inflatable balloon. 
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20. A method of operating a manifold on a 
catheter comprising the steps of: 

providing a catheter having the manifold of 
Claim 11; and 

5 rotating the actuator to grip the a guide 

wire received in said port and by the same act of 
rotation provide a fluid seal around said guide wire. 

21. A manifold for a catheter comprising: 
a manifold body having a manifold bore 
10 extending therethrough in communication with a lumen of 

the catheter, 

a port on the manifold communicating with the 
manifold bore, said port sized and adapted to connect 
in a fluid tight sealing manner to a source of fluid 
15 for delivery of the fluid into the manifold bore and 

into the lumen of the catheter; and 

a closure in said port operable to close said 
port to isolate the manifold bore from the ambient in 
the absence of a connection to said port, said closure 
20 operable 

a. to open and provide communication between 
said port and the manifold bore upon connection of 
the source of fluid to the port; and 

b. to close and isolate said port from the 
25 manifold bore upon disconnection of the source of 

fluid to the port. 

22. The manifold of Claim 21 further 
comprising: 

a cap connected to said manifold body in a 
30 manner that permits relative movement between said cap 

and said manifold between first and second positions. 
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23. The manifold of Claim 22 in which said 
cap is adapted to receive fluid from said source, said 
cap having a bore that aligns with said manifold bore 
in the first position, said bore in said cap not 
aligned with said manifold bore when said cap is in the 
second position relative to said manifold body. 

24. The manifold of Claim 22 further 
comprising a venting bore, said venting bore 
communicating with ambient, raid source of fluid 
communicating with said venting bore when said cap is 
in said second position. 

25. The manifold of Claim 22 in which said 
cap is adapted to connect to said source of fluid and 
to form a fluid tight seal with the source of fluid by 
said connecting in a manner of actuation, and further 
in which said cap adapted to be moved from one of said 
positions to another of said positions by said manner 
of actuation. 

26. The manifold of Claim 25 in which said 
cap is moved from one of said positions to the other of 
said positions in response to a lower threshold of said 
actuation than needed to form said fluid tight seal. 

27. The manifold of Claim 22 in which said 
cap is adapted to connect to said source of fluid by 
rotating said source of fluid with respect to said cap 
in a first rotational direction and to form a fluid 
tight seal with the source of fluid by tightly rotating 
said source of fluid onto said cap, and further in 
which said cap adapted to be moved from one of said 
positions to another of said positions by rotating said 
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cap relative to said manifold body in said first 
rotational direction. 

28. The manifold of Claim 26 in which said 
cap is adapted to disconnect from said source of fluid 
by rotating said source of fluid with respect to said 
cap in an opposite rotational direction and to release 
from the fluid tight seal with the source of fluid by 
rotating said source of fluid off of said cap, and 
further in which said cap adapted to be moved from the 
other of said positions to the one of said positions by 
rotating said cap relative to said manifold body to 
release said source of fluid. 

29. The manifold of Claim 21 in which said 
catheter is a balloon catheter. 

15 30. A method of operating a manifold on a 

catheter comprising the steps of: 

providing a catheter having the manifold of 
Claim 22; and 

engaging said cap with a source of fluid; 
rotating said cap with respect to .said" 
manifold body to open said closure; and 

rotating said source of fluid with respect to 
said cap to seal said source of fluid with respect to 
said manifold body. 

25 31. A balloon catheter comprising: 

an elongate shaft having an inflation lumen 
extending therethrough, said elongate shaft having a 
distal portion adapted for positioning intravascularly 
and a proximal portion adapted to extend outside of the 

30 body of a patient during use; 
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a dilation balloon connected to and located 
at the distal portion of said shaft and communicating 
with said lumen; 

a small profile core wire extending through 
at least said dilation balloon and having a distal 
portion that extends distally thereof from a distal 
core wire opening located distally of said balloon, and 
further in which said core wire is movable relative to 
said elongate shaft to allow withdrawal of said 
elongate shaft and said balloon while leaving said core 
wire positioned intravascularly; and 

a tip member connected to the core wire in a 
region thereof distal of the location at which said 
core wire extends distally of the core wire opening, 
said tip member having' a profile larger than said 
opening, and further in which said core wire has no 
connection at a proximal end thereof for coupling with 
an extension wire. 

32. The balloon catheter of Claim 31 further 
comprising: 

an inner tubular member extending through 
said balloon and defining a second lumen occupied by a 
portion of said core wire and in which said inner 
tubular member terminates distally at the distal core 
wire opening. 

33. The balloon catheter of Claim 32 in 
which said inner tubular member extends proximally from 
the distal core wire opening within said elongate shaft 
to a proximal core wire opening located at a manifold 
at the proximal end of said elongate shaft. 

34. The balloon catheter of Claim 32 in 
which said tubular member extends proximally from the 
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distal core wire opening within said elongate shaft to 
a proximal core wire opening located at a portion of 
said elongate shaft normally within the body during 
intravascular use. 

35. The balloon catheter of Claim 32 in 
which said elongate shaft further comprises: 

a proximal relatively rigid portion; and 
a distal relatively flexible portion 
connected at a proximal end to a distal end of said 
proximal rigid portion and connected at a distal end to 
said balloon. 


36. The balloon catheter of Claim 35 in 
which a proximal core, wire opening is located close to 
the connection of said proximal and distal portions of 
said elongate shaft. 

37. The balloon catheter of Claim 35 in 
which a proximal core wire opening is located close to 
the connection of said distal portion of said elongate 
shaft to said balloon. 

38. The balloon catheter of Claim 35 further 
comprising: 

an inner tubular member extending through 
said balloon and defining a second lumen occupied by a 
portion of said core wire. 


39. The balloon catheter of Claim 31 in 
which at least a portion of said elongate shaft is 
formed of a superelastic tubing. 


- 58 - 


40. The balloon catheter of Claim 31 in 
which said core wire is located at least in part in the 
inflation lumen of said elongate shaft. 

41. The balloon catheter of Claim 4 0 further 
5 comprising: 

an inner tubular member extending through 
said balloon and defining a second lumen occupied by a 
portion of said core wire, and further in which said 
inner tubular member extends proximally from the distal 

10 core wire opening through said balloon and terminates 

at a location distal of a manifold at the proximal end 
of said elongate shaft, and further in which said core 
wire is located in the inflation lumen of said elongate 
shaft between the proximal termination of said inner 

15 tubular member and said manifold. 

42. An intravascular catheter comprising: 
an elongate shaft having a distal portion 
adapted for positioning intravascularly and a proximal 
portion adapted to extend outside of the body of a 
patient during use, at 1 jast a portion of said elongate 
shaft formed of a supereiastic tubing; and 

an intravascular implement connected to and 
located at the distal portion of said shaft. 
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43. The intravascular catheter of Claim 42 
in which said superelastic tubing is formed of a 
material selected from a group consisting of: nitinol 
and Tinel. 


44. The intravascular catheter of Claim 42 
in which said elongate shaft defines an outer wall of 
30 said intravascular catheter. 
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45. The intravascular catheter of Claim 42 in 
which said intravascular implement is an inflatable 
dilation balloon. 

46. The intravascular catheter of Claim 42 
5 in which said elongate shaft further comprises: 

a proximal relatively rigid portion; and 
a distal relatively flexible portion 
connected at a proximal end to a distal end of said 
proximal rigid portion and connected at a distal end to 
10 said implement. 

47. The intravascular catheter of Claim 46 
in which said proximal portion is formed of the 
superelastic tubing. . 


15 
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48. A method of performing a balloon 
angioplasty procedure comprising the steps of: 

providing a low profile balloon catheter, 
said low profile balloon catheter having an elongate 
shaft with an inflation lumen extending therethrough, 
said elongate shaft having a distal portion adapted for 
positioning intravascularly and a proximal portion 
adapted to extend outside of the body of a patient 
during use; 

a dilation balloon connected to and located 
at the distal portion of said shaft and communicating 
25 with said lumen; 

a small profile core wire extending through 
at least said dilation balloon and having a distal 
portion that extends distally thereof from a distal 
core wire opening located distally of said balloon, and 
further in which said core wire is movable relative to 
said elongate shaft to allow withdrawal of said 
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elongate shaft and said balloon while leaving said core 
wire positioned intravascularly; and 

a tip member connected to the core wire in a 
region thereof distal of the location at which said 
core wire extends distally of the core wire opening, 
said tip member having a profile larger than said 
opening; 

securing a proximal portion of said core wire 
to the elongate shaft at a proximal portion of said 
core wire so that said core wire and said elongate 
shaft can be advanced together intravascularly; 

advancing said low profile balloon 
intravascularly in a person's body, and 

withdrawing said elongate shaft and balloon 
15 while leaving said core wire and tip member in place in 

the person's body without holding onto a proximal 
portion of the core wire that extends the out of the 
person's body. 


10 


20 


49. The method of Claim 4 8 further 
comprising the step of: 

performing an angioplasty procedure at a 
stenosed vessel site by inflating the dilation balloon. 

50. The method of Claim 4 8 further 
comprising the step of: 

25 exchanging said dilation catheter for a 

second intravascular device. 

51. The method of Claim 48 further 
comprising the steps of: 

unsecuring said proximal portion of said core 
30 wire from said proximal portion of said elongate shaft; 

securing a distal portion of said core wire 
within a guide catheter in which is located said distal 
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portion of said core wire and a distal portion of said 
elongate shaft; and 

withdrawing said elongate shaft from the 
person's body. 

52. The method of Claim 51 further 
comprising the steps of: 

advancing a second intravascular device over 
said core wire; and 

unsecuring said distal portion of said core 
wire from within said guide catheter. 

53. A balloon catheter comprising: 
an elongate shaft having an. inflation lumen 
extending therethrough- and a guide wire lumen, said 
elongate shaft having a distal portion adapted for 
positioning intravascularly and a proximal portion 
adapted to extend outside of the body of a patient 
during use; 

a dilation balloon connected to and located 
at the distal portion of said shaft and communicating 
with said inflation lumen and said guide wire lumen; 

a small profile core wire extending through 
said dilation balloon and having a distal portion that 
extends distally thereof from a distal core wire 
opening located distally of said balloon, and further 
in which said core wire is movable relative to said 
elongate shaft to allow withdrawal of said elongate 
shaft and said balloon while leaving said core wire 
positioned intravascularly; and 

a tip member connected to the core wire in a 
region thereof distal of the location at which said 
core wire extends distally of the core wire opening, 
said tip member having a profile larger than said 
opening . 
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54. A balloon catheter comprising: 
an elongate shaft having an inflation lumen 
extending therethrough, said elongate shaft having a 
distal portion adapted for positioning intravascularly 
and a proximal portion adapted to extend outside of the 
body of a patient during use; 

a dilation balloon connected to -and located 
at the distal portion of said shaft and communicating 
with said lumen; 

a small profile core wire extending through 
at least said dilation balloon at which location said 
core wire has a distal profile and further said core 
wire having a distal portion that extends distally 
thereof from a distal core wire opening located 
distally of said balloon, and further in which said 
core wire is movable relative to said elongate shaft to 
allow withdrawal of said elongate shaft and said 
balloon while leaving said core wire positioned 
intravascularly; and 

a tip member connected to the core wire in a 
region thereof distal of the location at which said 
core wire extends distally of the core'wire opening, 
said tip member having a profile larger than said 
opening, and further in which said core wire has a 
profile proximal of said balloon that is not greater 
than said distal profile. 


- 63 - 







• i 










Y 
Y 


cv 
Y 


Of Y 

Y >o 

Y Y 


mm 




IN I l-KN,i j UJ.wiL .>L/vKCIJ K1.J UK I 


PCT/US93/0I752 


A. CLASSIFICATION OF SUBJECT MATTER 
IPC(5) :A6IM 37/00 

US CL :604/96 

According to International Patent Cbnifjcation (IPC) or to both national classifi cation and IPC 

B. FIELDS SEARCHED " 


Minimum documentation searched (classification system followed by cU«iAc.iion symbols) 
U.S. : 604/96 604/95.280.281; 606/194 


Documentation searched other than minimum documentation to the extent that such documents 


are included in the fields searched 


Electronic data base consulted during the international search (name of data base 


and. where practicable, search terms used) 


I C. DOCUMENTS CONSIDERED TO DE RELEVANT 


Category' 

1 Y 
|A 
IX 


I A 

IY 


Citation of document, with indication, where appropriate, of the relev.nl 


passage! 


US.A, 4,573,470 (Samson et al.) 04 March 1986 See Abstract. 

US.A, 4,646.742 (Packard et al.) 03 March 1987 See Abstract. 

US,A, 4,723,550 (Bales etal.) 09 February 1988 See Figure 2A, 
2B. 

US.A, 4,762,129 (Bonzel) 09 August 1988 See column 2, line 9- 
column 3, line 55. 

US.A, 4,848,344 (Sos et al.) 18 July 1989 See Abstract. 

US.A, 4,892,519 (Songer et al.) 09 January 1990 See column 2 
line 3- column 4, line 27. 


Relevant to claim No 
42-47 

31-54 
11-30 

34,36,37,53 

31-54 
54 


[g Further documents are Usted in the continuation of Box C. Q See patent family annex. 


•A* 


•r 


•O" 


4«OMti«iUD|dH t€**nJw*u «f (be wbicb m mm* 
to mm p*n of pmruo*hs rtkvuct 


filini dfcu 

t.2T^ «»r tovbu eo enomy ekiro(.) ©, wh*b M 

CHod lo aobUh Ow KIamo of •noibcr Cauu 
ipeckiittMB^ ^acif^) *Y* 


Uu* ^OMmai pwblaw^d thir Uw «u«r»*oo**j filing d*« 
du* «ad mi la coofUo with (6c ^i^-.: — ^ OMd u 
principle or (neory Mndcrtymg um B *nk» 


document ©/ pwwuW njloi 
coiu^cral novel or c*ao« be UMdtm] u> kivoKc ia 
*h« (be docwncru » u*k 


CMWMM U 
cttUve ««cf 


lauoo or ou*r 
«fcrrk,| to m or* J dUcto*.*. 4-e. eihibiuo* 0 , ©Over 


dooneo. puhU«j poof id g* ktcr»»aon*J filing d.u bui Uirr ihui 


document of perucuW/ rcl*v«ace: «bc cUiro od 
con»idcr«d to involve to vtveotrve Mcp wbeo 1 
Comoimd wiOt one or mon enner awefe 4eewnoui. , 
bem« Otviot* IO > (xrton United m UM *n 

document otombcr of (be **me p»Lcru 'unify 


ale of the actual completion of the international search 
0] JULY 1993 


Date ot mailing of the intcmaiional search report 

13 AUG 1993 



INTERNATIONAL SEARCH REPORT 

International application No. 
PCT/US93/OI7J: 

1 C (Contimuiion). DOCUMENTS CONSIDERED TO BE RELEVANT 




Citation of document, with indication, where appropriate, of the relevant paijajej 

Relevant to claim No. 

X 
Y 

US.A, 4.964,409 (Tremulis) 23 October 1990 See column 4. 
lines 30-32, and column 6, lines 57-59. 

42^47 
39 

Y 

US.A, 5.003,990 (Osypka) 02 April 1991 See Abstract. 

34,36,37.53 




54 

Y 

US.A, 5,032,113 (Burns) 16 July 1991 See column 4, line 15- 
column 7, line 60. 

31-54 


US.A, 5,054,061 (Seifert et al.) 03 September 1991- See 
column 4, line 25- column 8, line 25; ' ' 


31-54 


THIS PAGE BLANK (uspto) 


